l Introduction
RORKE et al. [10] in humans and several investigators using animals [5, 4, 1] have demonstrated that an increase of maternal oxygen tension causes only a disproportionately small increase of fetal oxygen tension. Such an effect might be explained by the fact that the placental venous P Oz increases only moderately and thus that the pressure head for oxygen diffusion is not elevated in proportion to maternal arterial P O2 . However, a contributary factor might be a constriction of the vessels in the maternal placenta during hyperoxia. Little Information is available about the influence of hyperoxia on blood flow to the pregnant uterus. The distribution of the blood flow between the myometrium and the maternal part of the placenta in particular, does not appear to have been investigated. KIRSCHBAUM et al. [8] found that the uterine flow in anesthetized pregnant ewes was changed only minimally by acute Inhalation of pure oxygen (Method: electromagnetic flowmeter), while ASSALI et al. [1] demonstrated a decrease of the uterine blood flow when the ewes were breathing hyperbaric oxygen, using the electromagnetic flow-meter method. BATTAGLIA et al. [3] on the other hand found np significant effect of acute changes of the arterial oxygen pressure upon uterine blood flow (4-aminoantipyrine method). Another approach to the problem was adopted by MAKOWSKI et al. [9] , whp calculated "hemoglobin flow" to the uterus of pregnant ewes (electromagnetic flow-meter method) and found a small decrease of this parameter during hyperoxia. However, the relevant organ for study with regard to fetal oxygenation' is naturally, the placenta rather than the uterus in toto. The present study was designed to give ä quantitative measure of both the maternal placental and the myometrial blood flow and to answer the question whether hyperoxia provokes vasoconstriction of the vascular bed of the maternal placenta.
Material and methods
Experiments were carried out on 9 pregnant rabbits with dated gestation of 26-29 days (pregnant term 31 i 2 days). The mean body weight was 4.46 kg ± 0.18 (SD). Anesthesia was induced and maintained with pentothal (induction 25 mg/kg and a total dose of 75 mg/kg during the wohle experimental period of 3 hours). Blood pressure and heart frequency were recorded through a catheter in the right brachial artery. The same catheter was used for arterial blood sampling. Radioactive carbonized microspheres were injected via a PE 160 catheter placed in the left cardiac ventricle, the position of the tip controlled by pressure measurements. The microspheres were tagged with different nuclides, 46 Sc or 169 Yb, and had a diameter of 25 ± 5 micron (Minnesota Mining & Manufacturing Company). The withdrawal of the reference blood sample was started 15 seconds before injection of microspheres, and continued for a total time of 2 minutes. The microspheres were injected over a period of 15-20 seconds. The injection chamber was carefully agitated before and during the injection by a high frequency mechanical whirlmixer, and the chamber was afterwards flushed with 6-10 ml of 6 per cent Dextran. Further particulars about the methods used for counting are given in an accompanying paper [7] . This paper also contains results suggesting that the spheres were homogeneously mixed in the cardiac Output and that the sampling time of two minutes for the reference blood sample was adequate. Periods of normoxia and hyperoxia were randomly alternated by ventilating the animal with gas mixtures of 30 per cent or 100 per cent oxygen, so that normoxia preceded hyperoxia in 5 experiments, and the reverse sequence was used in 4 experiments. The steady state Situation was usually established after ten minutes Ventilation with the desired gas mixture, the blood sample for blood gas determination being taken at the end of this period. Cardiac Output was measured repeatedly during each experiment using a thermodilution method. A fine calibre thermistor placed in the aorta recorded the variations of temperature. The thermistor was connected to a WHEATSTONE bridge with maximal linearity around 37-38°C. The signals were recorded on a SERVOGOR writer and the calculations of cardiac Output performed according to GANZ [6] . At each stage the mean of 3-4 separate determinations of cardiac Output was calculated. At the end of the experiment the rabbit was killed with an overdose of pentothal. The organs of interest were carefully dissected, cut in pieces and analyzed for gamma activity in a well crystal, using a two-channel PACKARD auto gamma spectrometer. The specific activity of each single microsphere of 46 Sc and 169 Yb was counted at each measurement. Based on the calculations, the number of spheres in each sample was determined, and no organ sample was accepted unless it contained at least 400 microspheres. In the statistical analysis of the results the mean (x), the Standard deviation (SD), and the Standard error of the mean (SEM) were calculated. Comparisons were carried out by means of Group Comparison Test. The level of significance were marked s follows: H< = 0.05 > ρ > 0.01 >|<>(c = 0.01 > ρ > 0.001 >)<>|<>|< =p < 0.001.
Results
No changes were observed in cardiac Output, heart frequency or mean arterial pressure when changing randomly from normoxia to hyperoxia (Tab. I). The injection of microspheres caused only minor changes of the functions just mentioned.
Tab. I. Mean values i SEM of cardiac Output, heart frequency and arterial pressure during normoxia and hyperoxia.
cardiac heart mean art. Output frequency pressure n ml/min n beats/min n mmHg normoxia 9 774±22.6 9 304±5.7 9 88±1.5 hyperoxia 9 778±27.0 9 310±6.6 9 86±2.0 significance n. s. n. s. n. s.
The maternal Pco 2 > PO Z an d pH during control Situation (inhalation of 30 per cent oxygen) were within the ranges previously observed [7] . The arterial P Oa rose from an average of 96 mm Hg to an average of 471 mm Hg when the inspired oxygen was increased from 30 to 100 per cent. The slight decrease of maternal arterial P COa was not statistically significant, the pH was not affected (Tab. II). Tab. III and Fig. l Hyper blood flow to the myometrium decreased when the animal breathed 100 per cent oxygen. This decrease was statistically sigiiificant. The placental blood flow also demonstrated a statistically significant decrease during hyperoxia. When the blood flows were expressed in absolute values myometrial flow decreased from 12.7 ±1.5 ml/min to 9.6 ± 1.4 ml/min, and the placental blood flow was diminished from 25.2 ± 4.6 ml/min to 18.9 ± 3.7 ml/min. The fraction of the cardiac Output going to the myometrium was 1.64 per cent during normoxia Tab. III. Mean values o£ blood flow ml/(min X 100 g) ± SEM to different organs during normoxia and hyperoxia. 
Discussion
When the arterial oxygen tension in maternal blood is increased above normal values, fetal values of arterial oxygen tension are usually increased. There is, however, a curvilinear relationship, so that the increment of fetal P Oa values for any given change of maternal P Oa will be less the higher the maternal P Oa . This type of relationship has been demonstrated in humans by RORKE et al. [10] , and in sheep by COMLINE et al. [4] . Thus, the fetus appears to be protected from high levels of P O(l [2] . This phenomenon has been attributed to vasoconstriction of the maternal placental bed, to vasoconstriction of the umbiHcal circulation of the fetus, to an uneven distribution of maternal versus fetal blood flow within the placenta, or to the oxygen consumption of the metabolically active placenta itself. The possibility of a constriction of the maternal part of the placental circulation appears not to have been explored previously. Such a vasoconstriction might be of functional significance, since it would not only affect the transport of oxygen over the placenta but would also lead to a diminished nutritional supply to the fetus.
The present series of experiments show that a moderate diminution of the blood flow through the maternal placenta takes place during hyperoxia, with blood flow välues of 25.2 i 4.6 during the control Situation and a reduction to 18.9 ± 3.7 ml/min at high oxygen tensions. This implies a mean reduction of 24 per cent. Such a reduction of the blood flow -although small -is large enough to be of consequence for the quantity of oxygen carried to the maternal part of the placenta. The small amount of physically dissolved oxygen at high P 0o levels will in no way compensate for the reduced blood flow, provided the mother is fully oxygenated in the control Situation. If this reduction of placental blood flow during hyperoxia also occurs in man it might at least partly explain the results of RORKE et al. [10] , in which the change from 66 to 100 per cent of inspired oxygen to the mother actually caused a decrease of the P o> in the umbilical vein and artery.
In the present series of experiments hyperoxia was associated with a reduction of the blood flow to the placenta and to the myometrium ( The reduction of uterine blood flow occurred at an unchanged perfusion pressure (Tab. I). Therefore, a true vasoconstriction must have occurred in the myometrium and in the placenta. The mechanism behind this vasoconstriction is obscure. It may be speculated, however, that it occurs either äs a local effect on the uterine vessels or äs a part of a generalized sympatho-adrenal activation. Neither the cardiac Output, the heart frequency, the atterial blood pressure nor the blood flow through the kidneys changed during hyperoxia (Fig. l, Tab. I ). This may be taken äs indirect evidence of the lack of a generalized sympatho-adrenal discharge. One is then left with the Suggestion of a local vascular effect of hyperoxia.
The results of the present experiments thus indicate that maternal hyperoxia will produce constriction of the total uterine vascular bed which will result in a diminished quantity of oxygen available on the maternal side of the feto-maternal membrane. This might explain at least part of the special features of the fetomaternal relationship. It is hypothesised that the observed vasoconstriction is mediated äs a local vascular effect rather than äs an increased sympatho-adrenal activity.
Summary
In the clinical Situation of fetal distress extra oxygen is often supplied to the mother äs a routine procedure. However, the effect of breathing pure oxygen on the utero-placental circulation is not known but indirect evidence suggests that a blood flow reduction might take place. Previous direct measurements are few and only the combined flow to the whole Uterus has been estimated. Therefore, a study was designed to measure separately the blood flow to the maternal placenta and the myometrium during induced hyperoxia äs compared with normoxic conditions. Nine pregnant rabbits with dated gestations of 26-29 days were studied under barbiturate anesthesia. The animals were ventilated with 30 and 100 per cent oxygen alternatingly, which resulted in arterial PO. levels of 96 ± 4 (SEM) and 471 ± 14 (SEM) mm Hg, respectively (Tab. II.)· To avoid a systematic effect from a deterioration of the preparation the sequence was altered so that normoxia preceded hyperoxia in five experiments while the reverse was true in four experiments. Blood pressure and heart rate were continuously recorded and blood gases were determined at intervals. Cardiac Yb, of 25 ± 5 micron diameter, were injected in the left cardiac ventricle through a catheter passed in a retrograde direction from one carotid artery. Blood flows were calculated from the number of spheres trapped in each organ related to the number of spheres in a reference sample, drawn from one femoral artery at a constant, known rate during and after the injection. No changes were observed in cardiac Output, heart frequency or mean arterial pressure when changing from normoxia to hyperoxia (Tab. I). The blood flow in the myometrium decreased from 23.5 ± 2.3 to 17.9 ± 2.8 ml/(min 100 g) (= 29 per cent) from normoxia to hyperoxia and in the placenta the corresponding change was from 66.4 i 8.4 to 50.9 ± 7.6 ml/(min X 100 g) (= 24 per cent) (Fig. l,  Tab. III) . This decrease in blood flow \vas statistically significant and was parallelled by a significant increase in vascular resistance indicating a true vasoconstriction during hyperoxia. It is concluded that breathing pure oxygen induced a moderate constriction of the placental and myometrial vascular beds. The accompanying reduction of blood flow may be of consequence for the amount of oxygen carried to the maternal part of the placerita and made available for fetal oxygenation.
Keywords: Blood flow (myometrial, placental), hyperoxia, normoxia, rabbits. Le dobit sanguin myometrial a chute de 23,5 ± 2,3 ä 17,9 ± 2,8 ml/min 100 g (= 29 pour cent), en passant de la normoxie ä Phyperoxie. Le debit placentaire est pass6 de 66,4 ± 8,4 ä 50,9 ± 7,6 ml/min 100 g (= 24 pour cent) (Fig. l, Tab. III) . Cette diminution du debit sanguin est statistiquement significative et est associoe une augmentation significative de la resistance vasculaire, signant une reelle vasoconstriction au cours de Phyperoxie. Nous pouvons en conclure que Padministration d'oxyg£ne pur ä la mere induit une vasoconstriction moderee des lits vasculaires myometriaux et placentaires. Cette reduction de debit peut avoir des consdquences sur la quantite d'oxygend amenee dans la chambre intervilleuse et par voie de consequence, sur Papport d'oxygene au foetus.
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